Scaffold proteins organize many MAP kinase pathways by interacting with several components of these cascades. Recent studies suggest that scaffold proteins provide local activation platforms that contribute to signal specificity by insulating different MAP kinase pathways. Finally, although artificial, the fusion strategy used by Harris et al.
Scaffolds Localize and Insulate Specific MAP Kinase Pathways
In the mating pathway, the scaffold protein Ste5p associates with the MEKK Ste11p, the MEK Ste7p and the MAP kinase Fus3p (Figure 1 ) [5] . Similarly, the MEK Pbs2p functions as a scaffold, and interacts with Ste11p and the MAP kinase Hog1p in the high osmolarity-glycerol pathway [6] . So far, a scaffold protein has not been identified for the filamentation pathway. In a paper published recently in Current Biology, Harris et al. [7] used a fusion approach to probe the biological function of scaffold proteins. First, they generated fusion proteins between active Ste11p and either of the scaffold proteins Ste5p or Pbs2p. Strikingly, the Ste11p-Ste5p hybrid specifically induces the mating pathway by activating Fus3p, whereas the Ste11p-Pbs2p hybrid induces a high osmolarity response by activating Hog1p. Thus, activated Ste11p becomes confined to a particular pathway when attached to a pathway-specific scaffold, demonstrating that scaffolds actively channel signaling towards the appropriate MAP kinase (Figure 2a) Finally, although artificial, the fusion strategy used by Harris et al. [7] provides a simple method to force two proteins into a functional complex, which may have broad implications for converting other multifunctional proteins into pathway-specific forms. For example, fusions between kinases with particular substrates or small GTPases with specific effectors may provide useful tools to probe specific cellular functions, or limit their range to specific subcellular compartments. In addition, this approach may allow scientists to screen for molecules that impart specific roles to multifunctional proteins. 
MAP Kinases Possess Intrinsic Substrate Specificity
While scaffold molecules and feedback loops ensure specific MAP kinase activation, they are unlikely to directly contribute to substrate recognition of MAP kinases. Photobleaching experiments revealed that activation of Fus3p triggers its dissociation from Ste5p [9] . In turn, activated Fus3p rapidly translocates into the nucleus in a scaffold-independent manner, implying that substrate specificity must be contained within the MAP kinases themselves. In contrast, Ste5p remains stably bound at sites of activation, suggesting that it may activate many Fus3p molecules and thus amplify the pheromone signal. G βγ C A B P P P P P P P P P P P P P P P P P P P Kss1p proteins [11] . As all MAP kinases phosphorylate very similar motifs with the minimal consensus sequence Ser/Thr-Pro [19] , it is important to provide further specificity determinants. Indeed, many substrates interact with MAP kinases through conserved docking regions [20] , which contribute to specificity by recruiting the kinases to the correct substrates and enhance their fidelity and efficiency of action. Little is known about these domains in yeast MAP kinases, and it will be important to identify mutants that specifically alter their substrate specificity.
In summary, these new results reveal intriguing mechanisms, which together ensure MAP kinase pathway specificity in vivo (Figure 2) . The papers highlight the particular importance of scaffold molecules and suggest that MAP kinases and feedback loops contribute to activation kinetics and pathway insulation. A future challenge will be to determine the MAP kinase substrates that are involved in pathway specificity, and to identify specific substrate docking sites on MAP kinases. Given the remarkable conservation of MAP kinase modules, these mechanisms are likely to serve as paradigms for the regulation of mammalian MAP kinase pathways.
